Numerous forms and manufacturing methods of bicycle pedals exist in current markets. The purpose of this study was primarily to design an innovative forging die for a bicycle pedal company through a simulative analysis, using commercial finite element package software. A series of simulation analyses adopted workpiece temperature, mold temperature, forging speed, friction factor, and size of the mold as variables to evaluate the methods of lightweight in the bicycle pedal forging press. The study involved modifying professional bicycle pedal sizes. The effective strain, effective stress, and die radius load distribution of the pedals were analyzed under various forging conditions. Aluminum (A6061 and A7075) was used to analyze the simulative data. The optimal control parameters were subsequently obtained using the Taguchi methods and a genetic algorithm. The results of the simulation analyses indicated that the design of an experimental forging die can lower the deformation behavior of a bicycle pedal.
Introduction
Progress in precision forging technology, including low production costs and rapid production, has allowed for the intensive use of forging. Wang et al. [1] developed a practical compliance control method for hydraulic forging manipulators. A hybrid force-position control method was proposed and performed on a novel serial-parallel forging manipulator. Lu and Ou [2] used an improved approach to characterize press elastic behavior and to quantify the effect of press elasticity to forge complex three-dimensional (3D) shapes. Wang et al. [3] improved the two-stage extrusion process and related die designs of a forging company that currently manufactures a support shaft by using the traditional method. Narayanasamy et al. [4, 5] evaluated aspects of extrusion forging during cold upsetting by using a suitable die and aluminum alloy (H9-6063) solid cylinders that were subjected to various geometrical conditions. Zhao et al. [6] improved the microstructure and properties of hot isostatic pressed Ti-17 power compact through isothermal forging with preferable deformation parameters that were provided by a processing map.
Kazeminezhad and Hosseini [7] used a new constitutive model for severe plastic deformation to optimize groove pressing die design. Wu and Hsu [8] used the finite element method (FEM) and experimental models of flow under extrusion forging conditions to analyze forging deformation. Park et al. [9] used finite element (FE) analysis of multiple cross-sectional shape forging to analyze subsequent forging size errors. This study involved using A7075 and A6061 alloy. Bhushan et al. [10] studied the fabrication and microstructural investigations of AA7075-SiCpMMCs. A 7075 Al alloy was reinforced with 10 and 15 wt.% SiCp at 20-40 m by using a stir casting process. Thipprakmas and Phanitwong [11] used the FEM to investigate the flange-forming mechanism and effects of upward and downward burr orientation flangeforming directions. Hino et al. [12] used a new simulationbased technique for the optimal design of a multistage forging process aimed at reducing the number of press-forming stages. Verleene et al. [13] studied the hardening stress train 2 Advances in Mechanical Engineering law to determine the AISI M2 cold forging tool steel. Chen et al. [14, 15] studied numerous bicycle pedal factors of forging and forming by using the FEM. In this study, rigid-plastic finite element software was used to investigate the plastic deformation behavior of the aluminum alloy (A6061) and alloy (A7075) workpiece that are used to forge bicycle pedals. The results confirmed the suitability of the proposed design process, which allowed a bicycle pedal die to achieve perfect forging. The results of the 
Finite Element Method
Rigid-plastic FE DEFORM 3D software is widely used in forging, extrusion, pulling, rolling, stamping, upsetting, and other forming processes of precision metals. This software is composed of multiple modules. The primary structure can be divided into pretreatment modules, the simulation engine, postprocessor modules, and multifunction modules. DEFORM 3D also simulates plastic deformation to express 
where is temperature, is the strain, anḋis the strain rate. The location of the greatest damage and destruction of the value of the occurrence is determined by the accumulated energy. The present analysis involved adopting the following assumptions: (1) the mold and die are both rigid bodies; (2) the aluminum alloy (A7075 and A6061) billet is a rigid-plastic material; and (3) the materials are isotropic and exhibit a homogeneous property. This study involved using the shear friction equation for FE analysis.
Taguchi Method and Genetic Algorithm
The Taguchi method, a well-known robust design technique, provides comprehensive understanding of the individual and combined effects of various design parameters based on a minimal number of experimental trials. Its aim is to establish parameter settings that achieve a robust product that is unaffected by unavoidable variations in external noise. Depending on the characteristics involved, various / ratios can be used: "lower is better" (LB), "nominal is best" (NB), or "higher is better" (HB characteristics of the forging process of bicycle pedals. The equation can be expressed as
where is the number of simulation repetitions under the same design parameters, indicates the measured results, and indicates the number of design parameters in the Taguchi orthogonal array (OA).
The nonlinear modeling capability of a combination of artificial neural networks and genetic algorithms, as well as the overall optimization ability of the decision-making system, was used. The "enhanced learning" strategy can be used to optimize the link weights of the neural network. still be used for measurements to assess optimization and prediction of the output layer. Therefore, genetic algorithm neural networks were used in this study. Figure 1 presents the finite element model of a professional bicycle pedal forging mold. Figure 2 presents meshed models of the 6061 and 7075 aluminum alloy billet and die before, during, and after the forging process.
Numerical Simulation

3D Structure Design.
Factor Selection.
The Taguchi experimental trials in this study involved adopting a designed mold and die for the bicycle pedal. Table 1 presents the five design factors, each with four levels, that were specified for the bicycle pedal. Accordingly, the experimental trials were arranged in an L 16 (4 5 ) orthogonal array matrix. The design factors in the bicycle pedal (Table 1 ) included the following: Factor , workpiece temperature; Factor , die temperature; Factor , forging speed; Factor , friction factor; and Factor , dimension of the die. Tables 2 and 3 list the multiquality characteristics: the effective stress weight was 40%; the effective strain weight was 30%; and the die load weight was 30%. Because the effective stress has larger effect for the forging forming. The factors included effective stress and die load, supporting the LB rationale. The effective strain supports the HB rationale. Tables 4 and 5 present the / responses for the forging of the bicycle pedals. Tables 6 and 7 present the corresponding factor response data. Following the principles of the Taguchi method, a high / ratio was assumed to indicate high product quality. Therefore, Tables 8 and 9 present the following optimal parameter settings for bicycle pedal forging: (1) aluminum alloy A6061: A1 workpiece temperature, 20 ∘ C; B1 die temperature, 20 ∘ C; C3 forging speed, 50 mm/s; D4 friction factor, 0.8; and E2 dimension of the die, 30 mm, and (2) aluminum alloy A7075: A1 workpiece temperature, 20 ∘ C; B4 die temperature, 450 ∘ C; C4 forging speed, 60 mm/s; D4 friction factor, 0.8; and E2 dimension of the die, 30 mm. Tables 10 and 11 present the variance of bicycle pedal forging. We analyzed the results of the experimental trials by using the analysis of variance (ANOVA) statistical method. Confidence and significance are highly critical for control factors. Aluminum alloys A7075 and A6061 used all factor levels at 99.99% confidence. Figures 3, 4 , 5, 6, 7, and 8 depict the effective strain, effective stress, and die load distribution of bicycle pedals fabricated based on a perfect design, using (1) aluminum alloy A6061 (A1B1C3D4E2) and (2) aluminum alloy A7075 (A1B4C4D4E2). These results indicated the ideal specifications of the mold and die of the new design, with an (1) aluminum alloy A6061 effective strain of 10.5 mm/mm, effective stress of 864 MPa, and mold and die load of 8160 kN and (2) aluminum alloy A7075 effective strain of 11.1 mm/mm, effective stress of 1460 MPa, and mold and die load of 10,900 kN.
Results and Discussion
Nonlinear modeling capability of a combination of artificial neural networks and genetic algorithm, the overall optimization ability of decision-making system, is used. Tables  12 and 13 list effective stresses by using a genetic algorithm that verified the Taguchi method numerical analysis. The average prediction errors were 6.52% and 2.59% for the A6061 aluminum alloy and the A7075 aluminum alloy, respectively.
Experimental Design and Discussion of
Bicycle Pedal Figure 9 illustrates the tie bicycle pedal design. The finished product attained high strength and precision when the die was fabricated using this high-precision design. Figure 10 displays the die steel pushing of the bicycle pedal forming apparatus. Figure 11 illustrates the billet of the bicycle pedal forming apparatus, composed of A6061 materials. Figures 12  and 13 present the upper die and lower die of the bicycle Figure 14 presents the assembled die of the bicycle pedal forming apparatus. Figure 15 presents the A6061 product of the bicycle pedal forming apparatus. The experimental processing of the die combination entails appropriate assembly and spray lubricants in the die. The billet was heated to 500 ∘ C by using a high-temperature furnace. Table 14 predicts the significant dimensions of the bicycle pedal product. In addition to the 7 ± 0.05 mm dimension has small error, the other measured dimensions to be eligibility for bicycle pedal product.
Conclusions
This study involved using rigid-plastic finite element software to investigate the plastic deformation behavior of aluminum alloy (A6061) and alloy (A7075) workpiece used to forge bicycle pedals. The analysis results were as follows.
(1) Confidence and significance were critical for all control factors (Factor , workpiece temperature; Factor , die temperature; Factor , forging speed; Factor , friction factor; and Factor , dimension of the die).
(2) Using a genetic algorithm verified the Taguchi method numerical analysis. The average prediction errors were 6.52% and 2.59% in A6061 aluminum alloy and A7075 aluminum alloy, respectively.
(3) In experiment product, in addition to the 7±0.05 mm dimension has small error, the other measured dimensions to be eligibility for bicycle pedal product.
The results of simulation analyses indicated that the
